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SECTION 1

INTRODUCTION

1.1 PROBLEM DEFINITION

Effect of low speed impact damage on composite materials is a new and po-

tentially significant design condition for high performance systems. In

metallic structure, damage due to tool drop, small rock impact and hail

(while on the ground) did not constitute a damage of major concern. How-

ever, composites generally exhibit little inelastic ductility, are sensitive

to secondary stresses, and are susceptible to splitting and delamination

with cracks often propagating in the fiber direction through debonding.

Upon failure, energy absorption is low. Due to these fracture character-

istics and the low strain to failure, composite materials generally exhibit

lower impact resistance than the metals typically used for aircraft con-

struction.

Environmental exposure may aggravate the deleterious effects of impact

damage. It is well known that the mechanical properties of a polymeric

matrix are susceptible to environmental degradation. Matrix cracking re-

sulting from impact loading or thermal cycling may provide pathways for

moisture which can enter by laminar flow much more rapidly than by diffusion

upon subsequent exposure to a high humidity environment at elevated

temperatures . Detrimental effects may also be expected because the

internal tensile stress in the matrix increases with decreasing temperature,

promoting crazing and the formation of microvoids. Futhermore, the cubical

coefficient of expansion of epoxy polymers is approximately 1.5 x 106 C1

-6 o -1 0 0
and that of ice approximately 112 x 10 C down to -54 C (-65 F); thus,

ice formation in the matrix cracks may promote crazing and crack growth on

cooldown to this temperature. The possible degradation of compressive

* w1
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strength due to temperature and moisture has thus been one of the major

concerns in the application of advanced composite systems to aircraft

structure. Interactions between impact damage and environmental factors and

their combined effect upon compression buckling strength have been examined

under a previous Navy contract, N62269-79-C-0276, of the same title, wherein

the damage was limited to near visual surface damage produced by low speed,

hard object impact such as dropped tools. This type of damage alone

produced a reduction in the column compressive strength of twelve to fifteen

percent. However, no further reduction in residual column strength was

found to result from environmental exposure in combination with impact.

This may have been due to a coincidence of test conditions which made the

residual strength test insensitive to changes in the extent of the

delaminated regions. The relatively thin 16-ply coupon required support

under compressive loading through the damage region. Support outside of the

damage area resulted in elastic Euler-like buckling which showed little re-

duction in strength due to damage. For the configuration evaluated,

buckling generally occurred below 0.006 in./in. in undamaged coupons. When

buckling occurs at such low strains, damage does not appear to as severely

reduce the strength as is known to occur at strains above 0.007 in./in.

Thus the constraint conditions become an integral part of the test and the

results must be evaluated for a particular structural system.

The intent of this investigation was to extend the previous effort to a more

detailed examination of whether the interaction of impact damage and

0 environmental factors can have a deleterious effect on graphite/epoxy

laminates.

1.2 OBJECTIVE

The objective of this program was to provide an experimental evaluation of

the possible interaction effects of environmental factors (specifically

moisture and low temperature) with low velocity impact damage and thus to

* ascertain whether damage is likely to extend due to expansion of water

2
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present in cracks as it freezes, and to determine whether low velocity

impact damage will grow during freeze-thaw cycling.

1.3 PROGRAM SUMMARY

The type of damage investigated in this program included; a) that which is

produced by low speed impact of a blunt object, such as an accidentally

dropped hand tool; b) severe delamination produced by residual strength

testing of an impact damaged specimen; and c) delamination produced by

placing release film between two plies during fabrication. Specimens

containing (a) and (b) type of damage as noted above) were used in the

first phase to experimentally determine:.:

o -Amount of damage growth produced by the freeze-thaw cycle in
representative impact damaged specimens.

o -Amount of water picked up in the liquid state by the ruptured
and delaminated regions of typical impact-damaged specimens. € ,

o 'Whether water migrates into and out of damaged regions during
freeze-thaw cycling.-,

" Specimens containing (c) type damage were used in the second phase to

experimentally determine the amount of crack opening displacement necessary

(for a given crack length and initial displacement) to produce crack

extension. These results were compared to the amount of displacement that

might be expected due to the freezing of moisture.

".1G
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SECTION 2
ENVIRONMENTAL EXPOSURE TESTS

This study utilized specimens from the previous contract effort, N62269-79-

C-276, documented in Reference 1. Four impact-damaged specimens were selec-

ted from the preliminary test series of Reference 1, Table 4-1. These con-

tained barely visible back surface damage with internal delaminations of

approximately 1 1/8 - 1 1/2 inches in diameter. To evaluate the effect of

severe damage, four specimens, which had been subjected to low velocity im-

pact and subsequently tested in compression/buckling for residual strength,

were selected from Group C-2, Table 5-1 (Reference 1). Delaminations for

these specimens were on multiple layers and extended the entire width of the

3" wide coupons. Specimens were prepared by removing end tabs and drying at

150 F in vacuo for two weeks. Two undamaged traveller specimens of the same

dimensions (9" x 3") were cut from trim stock of panel 1X01674 (Reference 1,

page 2-2). After drying, all ten specimens were C-scanned, then immersed in

water at 1600F for 18 days. However, there was an approximately one month

delay between the drying and subsequent water immersion due to difficulties

encountered with the Holscan ultrasonic unit. After all but two of the

initial scans were completed, the transducer ceased to function. Efforts

expended to repair this transducer were not successful nor were attempts to

locate a replacement. Consequently, conventional through-transmission

ultrasonic C-scanning was used for this study. To assess the effect of the

delay on moisture pick-up, additional damaged and undamaged control coupons

were cut from panel 1X01618. These were dried and immediately immersed in
160OF water for the same time period. The moisture absorption data are

displayed in graphical form in Figures 2.1 and 2.2. Moisture absorption for

specimens containing barely visible back surface damage was nearly identical

to that of the undamaged control coupons indicating that additional moisture
is not absorbed by the damaged region for this damage condition. However,

as expected, considerably greater weight gain was recorded for the severely

5
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1.5

lX01674
DRIED 150°F 2 WEEKS
USED IN HOLOSCAN TESTS

*FOR ONE MONTH
THEN IMMERSED AT 160°F *

1.0

LUJ

D RIED 1500F/VAC 2 WEEKS
THEN IMMERSED AT 160°F

0@ 6.5 24 9§ 192 264 432 HRS
432 HRS

0 10 2 VHRS
- 'TIME AT 160°F IMMERSION

Figure 2.1: Moisture Absorption for Control (Undamaged) Cout'ons
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.Figure 2.2: Moisture Absorption for Damaged Coupons
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damaged residual strength tested specimens. The large data dispersion is

due to the fact that water would pour from the specimens when they were

removed for weighing making it difficult to obtain a stable weight reading.

After conditioning, specimens were then subjected to a one hour exposure at

-650 and C-scanned again. The initial C-scans and scans after the -65°F

exposure are presented in Figures 2.3 and 2.4, respectively. The C-scan

damage size appears to be reduced after the conditioning and -65 F exposure.

Although the C-scan technique used is not as accurate as the Holscan, it was

not expected to show as large a change due to set-up. Such a loss in C-scan
2indications after moisture conditioning has been observed by others and may

be due to moisture altered transmission characteristics. Swelling of the

3laminate has also been observed to effect closure of some cracks . However,

it was ascertained that the initial scans were made on different equipment

from all subsequent scans, since during this time the Lockheed Q.A.

department had received new equipment and phased-out the old. The NDI

standards do differ in size and it appears that the variation is probably

due to differences in set-ups.

Little effect would be expected after the single hour exposure at -65 F and

thus these scans can be used as a baseline for determining further growth.

To confirm this postulation, two specimens were sent for scanning to Sigma

Research which has equipment comparable to the Holscan. Comparison of their

scans with the initial Holscans, which were made prior to equipment failure,

indicate no growth of the damage region.

After the single cycle exposure at -65 F, specimens were subjected to ten

cycles of immersion at 160°F for one hour followed by exposure to -65 F for

one hour. These were then returned to room temperature, weighed, C-scanned,

and another ten hygrothermal cycles were applied. Specimens were once again

weighed and C-scanned. Ultrasonic C-scans for the first and second set of

ten cycle exposures are displayed in Figures 2.5 and 2.6. There is some

variation in the damage size which appears to be due to the lack of exact

'S 12
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reproducibility of the equipment for each set-up. Examination of these

damage sizes seems to indicate that no growth is occurring. However if any

growth were occurring after only a small number of cycles it should be of

detectable dimensions after the application of a much larger number of

cycles. Thus an additional 79 cycles of 160 F immersion alternating with

-65 F exposure were applied for a total of 99 cycles. C-Scans after the 99

cycle exposure are presented in Figure 2.7. No growth of the damage areas

is evident. These results are greatly reassuring and in agreement with
14

those reported in a recently completed Air Force sponsored program . In

this study, containing a badly delaminated hole, with initial damage

dimensions of approximately 0.6 inch x 0.8 inch, were subjected to fully

reversed fatigue cycling with maximum stress on the order of 50% of the

static strength. Even under such severe conditions thousands of cycles were

required before measurable growth was recorded. Because this material has a

relatively high tensile strength as compared to other materials, such as

concrete or rock, which are known to fail due to ice formation, extremely

high stresses would have to be developed as a result of expanding ice to

promote growth of the damage. Damage produced by impact usually has an

associated loss in stiffness of the outer layers making it more difficult to

develop the high stresses.

Also, impact damage is usually not confined to a single layer and a planar

crack-like delamination with a sharp crack tip is not likely to be produced.

However, because composite aircraft structure will be exposed to freeze thaw

cycling it was considered worthwhile to examine the problem carefully to

ascertain whether it should be of concern. Thus the work discussed in

Section 3 was undertaken.

13SA
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SECTION 3
CRACK GROWTH EVALUATION

The task of evaluating crack growth was designed to examine experimentally

the likelihood that freeze-thaw cycling can extend delaminations initially

present as a result of low velocity impact in a graphite/epoxy laminate by

testing coupons which might be representative of a worst case condition.

" The worst case condition was assumed to be damage for which the entire

projected c-scan area would be located on one layer extending the full width

. of the coupon with no reduction in stiffness of the outer layers. Perhaps a

more severe case would be one wherein the damage is completely confined.

- However, this condition presents formidable experimental difficulties. The

specific intent was to determine whether the force required to grow the

delamination would exceed that which could conceivably be produced by the 4%

expansion of water present in a delamination region as it freezes to ice.

* Graphite/epoxy specimens were fabricated from AS/3501-6 prepreg material.

- Material receiving inspection data and details of panel fabrication are

presented in Appendix A. The 1.5 in. x 10.5 in. specimens contained

intentional delaminations which were introduced during fabrication by
inserting release film (Air Tech. International Inc., A4000 Film) in one of

two locations in the 32 ply laminate of the following stacking sequence

(45/0/-45/0/45/O/-45/90)2. The film extended the full width of the

-- specimen so the growth of the debond would be easily visible. Six specimens

% for each of the two debond locations were tested. Debond locations were

between the 3rd and 4th plies (-45/0) from the surface and the 7th and 8th

, plies (-45/90). These debond locations were selected as most nearly

' representative of the locations in which the near back surface damage

5occurred in the low velocity impact tests of Reference 1. Ashizawa , also

reported these locations to be the most critical flaw sites.

.15
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Nondestructive ultrasonic inpsection was conducted prior to the cutting of

the cured laminate. The only indications were in the locations of the

intentional delaminations. Resin and void content measurements were also

made. These results are available in Appendix A.

A preliminary study was conducted to select the most viable loading

techniques. The two methods illustrated in Figure 3.1 were evaluated. Test

set-up and instrumentation for loading methods A & B are shown in Figures

3.2 and 3.3, respectively. Crack displacement was measured, front and back

with linear variables differential transformers (LVDT's) in Method A while

clip gages were used on both sides for Method B. Type A coupons contained

two strips of release film located symmetrically from the outer surfaces to

proclude eccentricity in the coupons. Both 1 mil and 1/2 mil thick films

were evaluated in Type A coupons. Type B specimens contained only one strip

of 1 mil thick release film. The compressively loaded Type A specimens were

supported with 1/4-inch thick aluminum plates extending to within 1/2 inch

of the initial delamination. Additional support could not be provided

without clamping over the delaminated region. Slow crack growth could not

be obtained with the Type A loading condition for either film thickness.

Despite several modifications of the support fixture, no significant

displacement was recorded or observed prior to the sudden and catastrophic

failure. With the Type B loading condition slow crack growth could be

obtained. However, considerable effort was expended in attempts to obtain

uniform opening across the width of the coupon and to obtain more than one

* data point per coupon. Fairly uniform crack opening displacement (COD) was

- finally achieved through the use of hydraulic grips and testing under stroke

control. This prevented sudden loss of the coupon due to rapid crack

extension after the first "pop". Thus multiple COD readings at which crack

O growth occurred could be taken for various initial crack lengths and

displacements. Therefore, the Type B specimen and loading method were

selected for all subsequent tests. Crack lengths and displacements on both

sides of the specimen were monitored as well as the load to produce

• extension for a given crack length. Crack lengths were measured with an

,..
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optical microscope mounted on the test machine because of the difficulty in

seeing the crack tip under no load, a small load (approximately 25% of

maximum load) was maintained while the crack length was read. Selected
* results for specimens with a debond between the 7th and 8th plies (2YXX-1)

and those with a debond between the 3rd and 4th plies (1YXX-4) are presented

in Figures 3.4 through 3.8 and Figures 3.9 through 3.11, respectively.

Table 3.1 contains a tabulation of the complete test results.

* -: The test results indicate that the amount of additional deflection required
- - to propagate the crack is at a minimum equal to the initial deflection and

can be as much as seven times the initial deflection.

Consider a typical case where the crack-tip to crack-tip length is one inch,

and the crack opening at no load is about 0.001 inch. The crack is not

extended by transverse loading until the opening is increased elastically to

about 0.003 inch. Assume that the crack shape at no load is geometrically

* - similar to that when loaded -- that is; all ordinates bear a 0.001/0.003

relation.

Consider:

5.1 51. If the crack at no load fills completely with water, which
freezes uniformly with no escape, all crack ordinates must
increase by four percent.

S2. The geometry is well within the realm of linear small
deflection theory, and the crack expanded four percent by
freezing will have the same contour it would have if it were
opened up by applying transverse load, sufficient to increase
the opening at the center from 0.00100 to 0.00104 inch.

3. Since the crack will not run until the opening is increased
at least fifty times this much, freeze-thaw effects do not
appear to be capable oof producing delamination growth.K This conclusion is weakened by the assumption that the unloaded crack has

the same contour shape as the crack under load. It seems probable that at

20
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no load the crack is being held open by asperities existing close to the

- crack tip, thus, in the critical region, the reasoning could not apply.

The above results did not completely answer the question; as an additional

- check another experimental effort was undertaken involving a small number of

specimens.

Specimen 1YXX-4 was loaded to a COD of 0.015 in., the maximum deflection at

which the crack started to propagate at the last loading. The crack was

then wedged open with a wood sliver to maintain this deflection. One side

of 1YXX-4 and 1YXX-3, which was not wedged open (COD = 0.006 in.) was sealed

s with wax. Water was then injected with an hypodermic needle into the cracks

of the two specimens and the other side sealed. These specimens were then
06

* subjected to 210 cycles of alternating -65 F and 160 F temperatures, taking

13 minutes to complete one cycle.

Since the crack tips are very difficult to detect, .the specimens were loaded

to 50 lbs. while crack lengths were read. Both crack lengths appeared to

*have increased by about 0.09 inch. However the sample size is small and

*there is considerable room for experimental error. The cracks may have

extended due to the procedure of injecting the water, although a crack

length reading was taken after this procedure, but not under load, and a

*crack length increase could not be detected. The 50 lb. load applied to

take the final reading may also have caused the cracks to extend.

Under internal research funding the above experiment was reported a second

* time with modifications intended to result in more accurate crack

*measurements. The two previously tested specimens (1YXX-3 & 4) and two

* . additional specimens having comparable crack lengths C1YXX-1 & 2) were

* prepared by sanding the edges, The crack in Specimen 1YXX-4 was again

wedged open to an average COD of 0.015 in. Crack length measurements were
made by optical microscope with a 20 lb. load applied to specimens 1YXX-3 &

64 and with no load applied to 1YXX-1 & 2. The apparent locating of the

.JI

.39
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crack tips were marked on the specimens. Acetate replicas of both specimen

edges were then obtained for the four specimens. Water was injected into

the cracks. Specimens were sealed and placed in a chamber with alternating

0 0I-65°F and 160 F temperatures. After 1100 cycles, specimens were removed and

edges replicated. Crack length measurements were made in the same manner as

prior to the thermocycling. Crack length measurements made by optical

microscopy once again indicated a change as shown in Table 3.2. However

careful study of the edge replicas appears to indicate no change.

Photographs of typical replicas are presented in Figures 3.13 through 3.19.

The crack designations employed in these figures are illustrated in Figure

3.12. Cracks are much more clearly visible on the replicas than with direct

observation by optical microscopy even with specimens under load. For

example, in Figure 3.13 the location of the crack tip as determined by

direct optical observation does not appear to coincide with the end of a

crack on this replica. This was true for most of the observations. Figures

3.14 through 3.16 illustrate cases where there was good agreement for both

methods of detection and for this specimen (1YXX-3) it is fairly clear that

there has been no change. Crack tips were much more difficult to discern in

the other specimens as shown in Figures 3.17 through 3.19, but in each case

at least one specimen edge was readable. Again, these in, ate no change.

Clearly a need still exists to perform experiments comparable to these on

much larger sample sizes using some method to mark the crack so it is more

clearly visible.

It is also important to note that these experiments represented a very

severe condition where moisture was forced to fill the entire crack volume

and may not be realistic.

40
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TABLE 3.2
CRACK LENGTH MEASURED BY OPTICAL MICROSCOPY

Specimen Crack Length Crack Length
ID Location Prior to Cycling After Cycling

1YXX-1 Front 1.507 1.714

Rear 1.186 1.247

1YXX-2 Front 1.424 1.473
Rear 1.448 1.459

1YXX-3 Front 1.677 1.468
Rear .771.415

1YXX-4 Front 1.311 1.636
Rear 1.404 1.621

0
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~CRACK

OPTICAL INDICATION
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*' 4.

Figure 3.19: Replica of Left Crack Tip Front Edge cf Specimen
IYXX-1 After 1100 Cycles.
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SECTION 4$

OBSERVATIONS AND CONCLUSIONS

Cracks do not appear to extend due to freeze-thaw cycling alone. However,

* - this is restricted to the layup and flow type investigated in this study.

Instrumentation and test procedures are always limited in resolution by some

finite value. Therefore, an absolute answer is not possible and thus

acceptable limits must be defined.

When using a small sample size either the positive or negative result may be

the tail fo the data distribution curve.

In the crack growth experiments the cracks were not completely found due to
the need to observe crack growth at the specimen edge. However, this may

not be a realistic case. Possible growth of a bound crack should be

investigated.

The combined effect of mechanical load cycling and thermocycling should also

be evaluated.
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APPENDIX A

MATERIAL RECEIVING INSPECTION DATA AND PANEL FABRICATION DETAILS

Two 12 x 14-inch panels were fabricated for this study, identified as

1YXX1889 and 2YXX1889. Panels were fabricated from a mixture of 2 batches

of AS/3501-6 graphite/epoxy material: batch code YK and batch code XO.

Lockheed batch code YK material was purchased for this study while batch XO

was material remaining from the previous study. The manufacturer's quality

assurance data, which accompanied the shipment of the YK (Hercules Lot 1363)

material, are given in Table A-1. The Lockheed QA batch acceptance data are

given in Table A-2. Conformance to the specification was confirmed. The

YXX panel code which designates the material batch indicates the

combination. Autoclave curing followed the cycle summarized in Table A-3.

Specimens were cut from the panels as shown in Figure A-1.

Analysis for fiber and resin content by weight was performed on samples of

approximately one gram taken from the interior region of each panel, using

techniques which (except forr the larger sample size) were in accordance

with ANSI/ASTM D 792-66, Procedure A-i, for specific gravity determination,

and ANSI/ASTM D 3171-73, Procedure A, for fiber content. Fiber volume

fraction and void content were calculated from these data using nominal

values for the specific gravity of the fiber and the resin as supplied by

the manufacturer. These results, indicating fiber volume fraction between

62 and 65 percent, are summarized in Table A-4.

.0
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TABLE A-i

O"HERCULES INCORPORATED
QUALITY ASSURANCE CERTIFICATION

February 16, 1981

CUSTOMER: Lockheed/California

PURCHASE ORDER NO: AETlE8370G

MATERIALS: Graphite Fiber/Epoxy Material,3501-6/AS1, 12" prepreg tape.

SPECIFICATION: ,MS 549, Rev. A, Type I

QUANTITY: 73.00 lbs.

LOT NO: 1779 Manufactured December 18, 1981

SPOOL 1O: See Section V

RESIN LOT NO: 133 Manufactured by Hercules Inc.

FIBER LOT NO: 175-4 Manufactured by Hercules Inc.

I. Fiber Properties
Spec Req Lot Average

0 Tensile Str.,ksi 410 minimum 482
Tensile Mod.,msi 32 - 36 34
Densitylb/in3  0:0640-0.0660 0.0654

II. Prepreg Physical Properties
Spec Re1 Average/Individual Average

Spool No. 2 1 5 9
Resin Flow,% 10 - 25 19 18 23

- Volatiles,% 1.5 max 1.2/1.3,1.2,1.2
- Tack Table I,spec Conforms

III. Laminate Mechanical Properties Spec Req Panel No. Average/Individual
(min.ind) Spool 1

00 Tensile Str.,RT,ksi* 200 12159 258/243,255,276
00 Tensile Mod.,RT,msi* 18.0 12159 21.0/20.7,20.7,21.5
00 Elongation,RT,.Ain/in x 103 10.0 12159 13.4/13.3,13.4,13.2
Short Beam Shear,RT,ksi 15.0 11763 20.0/20.5,19.9,19.7

0 Short Beam Shear,2500F,ksi 9.0 11763 14.3/14.1,14.4,14.4
Short BeamIShear,2500F,ksi 7.5 11763 9.9/9.9,9.8,10.1

Spool 5
00 Tensile Str.,RT,ksi* 200 12163 261/272,276,234
00 Tensile Mod.,RT,msi* 18.0 12163 20.6/20.8,21.6,19.6
00 Elongation,RTa.adn/in x 103 10.0 12163 12.9/13.4,13.2,12.1

" Short Beam Shear,RT,ksi 15.0 12164 20.5/21.2,20.4,20.1
Short Beam Shear,2500F,ksi 9.0 12164 13.5/12.8,13.9,13.8

Short Beam Shear,2500F,ksi 7.5 12164 9.6/9.6,9.8,9.5
- (24 hour H20 boil)

TnlSpool 9
00 Tensile Str.,RT,ksi* 200 11878 232/212,251,234
00 Tensile Mod.,RT,msi* 18.0 11878 20.5/20.3,20.5,20.9
00 Elongation,RT4c.ia/in x 103 10.0 11878 11.5/10.5,12.5,11.4
Short Beam Shear,RT,ksi 15.0 12105 20.8/20.8,21.0,20.6

. Short Beam Shear,2500 F,ksi 9.0 12105 15.0/15.0,14.9,15.0
Short Beam Shear,2500F,ksi 7.5 12105 10.1/9.9,10.0,10.3

(24 hour H20 boil)
* Normalized to 0.0416 Panel Thickness. 56
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QUALITY ASSURANCE CERTIFICATION -

Page 2
Lot No: 1779
February 16, 1981 TABLE A-I (Continued)

IV. Panel Physical Properties
Spec Req

Spool No.IPanel No. 1/12159 5/12163 9/11878
Ply Thickness,inches 0.0052 +/- 0.0003 0.0052 0.0051 0.0050

V. Individual Spool Physical Properties

Average/Individual AveraRe/Individual
Spec Req 42 +/- 3 145 - 155
Spool No. Resin Content,% Fiber Areal Wt., m/m2

6A 40/40,40,40 153/153,153,154
6B 44/44,43,44 153/153,153,153
1D 43/43,43,43 152/151,152,152

A. Rasmusken, Representative
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NADC-80130-60

% --%

*- TABLF A-3

AS/3501-6 CURE CYCLE

1. Apply full vacuum

2. Apply 35 + 5 psi autoclave pressure

0 003. Heat to 240 F + 10 F @ 2-4°F/min.

4. Fold at 240°F for 60 minutes

5. Raise pressure to 100 psi - Vent vacuum

6. Raise temperature to 350°F + 100F @ 2-50 F/min.

7. Hold at 350°F for 120 minutes

8. Cool to 2000F in not less than 30 minutes with at least 8 psi
autoclave pressure

S0
9. Post cure for 8 + 1/2 hour at 350F in an air circulating oven

1
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NADC-80 30-60

12" 1

*..,Pa el ID
00 / 1 " TRIM

______ " RESIN CONT. STRIP

5.25" TRIM TRIM

*14" LEASE RIP CL

5.25"

1 3/4" TRIM

1.50 6 PLACES
+ 00 0
-0.02

S1/6" CUTTING RINDING ALLOWANCE

d. -MACHINED SPECIMEN EDGES TO BE RMS 50 OR BETTER

-SPECIMEN WIDTH MUST NOT VARY Bay MORE THAN 0.004 IN.

, ... "

* _ LONG SIDES OF SPECIMEN TO BE PARRALLEL TO 09' DIRECTION AND PERPENDICULAR

'p."'p.TO j~

Figure A-i: Specimen Layout

61
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NADC-80130-60

TABLE A-4

FIBER AND VOID CONTENT OF PANEL MATERIAL

Calculated
Panel Density Resin Content Fiber Content Void

ID (gm/ml) by Weight (%) by Volume (%) Content #(%)

1.60 29.1 63.0 0.3
1YXX 1889 1.60 29.9 62.2 -0.1

1.60 29.4 62.6 -0.1

1YXX 1889 Avg 1.60 29.5 62.6

1.61 27.5 64.9 0.1
2YXX 1889 1.61 28.5 63.8 -0.1

1.60 27.9 64.1 0.5

2YXX 1889 Avg 1.61 28.0 64.3

• Fiber volume and void content calculations based on nominal values of

density of 1.796 gm/ml for resin, as stated by manufacturer. Normal
variations from these values frequently result in negative values for
calculated void content.

62
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